EP 3 511 220 A1

(1 9) Europdisches
: Patentamt

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

EP 3 511 220 A1

European
Patent Office

Office européen

des brevets (1 1 )

(43) Date of publication: (51) IntCl.:
17.07.2019 Bulletin 2019/29 B60W 30/06 (2006.07)
(21) Application number: 16915642.9 (86) International application number:
PCT/JP2016/076118

(22) Date of filing: 06.09.2016

(87) International publication number:

WO 2018/047222 (15.03.2018 Gazette 2018/11)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(71) Applicants:
¢ Nissan Motor Co., Ltd.
Yokohama-shi, Kanagawa 221-0023 (JP)
* Renault S.A.S.
92100 Boulogne-Billancourt (FR)

(72) Inventors:

¢ SUZUKI, Yasuhiro
Atsugi-shi
Kanagawa 243-0123 (JP)
¢ HAYAKAWA, Yasuhisa
Atsugi-shi
Kanagawa 243-0123 (JP)

(74) Representative: Griinecker Patent- und

Rechtsanwailte
PartG mbB
LeopoldstraBe 4
80802 Miinchen (DE)

(54) DISPATCH SUPPORT METHOD AND DEVICE

(67)  Providedis an exit assistmethod executed using
an exit assist controller configured to control a subject
vehicle (1) to move from an exit start position to a target
exit position along an exit route. The exit assist method
includes determining whether or not an adjacent parked

FIG. 24

vehicle (2) is present in an adjacent parking space (9) to
the exit start position, and when no adjacent parked ve-
hicle (2) is present, generating the exit route that includes
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Description
[Technical Field]
[0001] The present invention relates to an exit assist method and an exit assist apparatus.
[Background Art]

[0002] A system for controlling a vehicle to automatically exit a parking location is known. This system sets an exit
position and generates a trajectory from the parking location to the exit position and, when an obstacle as a stationary
object is detected, sets a regenerated trajectory that allows the vehicle to avoid the obstacle and reach the exit position
(see Patent Document 1: JP2013-177128A, for example).

[Prior Art Document]

[Patent Document]

[0003] [Patent Document 1] JP2013-177128A
[Summary of Invention]

[Problems to be solved by Invention]

[0004] In the system described in Patent Document 1, an exit route is not generated in accordance with the presence
or absence of a parked vehicle adjacent to the subject vehicle, and options for the exit route is narrow.

[0005] A problem to be solved by the present invention is to provide an exit assist method and an exit assist apparatus
with which options for an exit route can be widened.

[Means for solving problems]

[0006] The presentinvention solves the above problem through determining whether or not an adjacent parked vehicle
is presentin an adjacent parking space to an exit start position and when no adjacent parked vehicle is present, generating
an exit route that includes the adjacent parking space.

[Effect of Invention]

[0007] According to the present invention, options for the exit route can be widened.
[Brief Description of Drawings]

[0008]

FIG. 1 is a block diagram illustrating the configuration of a parking and exit assist apparatus according to one or
more embodiments of the present invention.

FIG. 2 is a block diagram for describing an exit assist function of the parking and exit assist ECU of FIG. 1.

FIG. 3 is a set of a table and diagrams for describing a method of setting an exit position of the subject vehicle
exiting forward.

FIG. 4 is a set of a table and diagrams for describing a method of setting an exit position of the subject vehicle
exiting backward.

FIG. 5 is a diagram for describing a method of automatically setting an exit direction of the subject vehicle.

FIG. 6 is a diagram for describing a method of automatically setting an exit direction of the subject vehicle.

FIG. 7 is a flowchart illustrating the procedure of setting an exit position of the subject vehicle in accordance with
the distance to a destination.

FIG. 8 is a flowchart illustrating the procedure of setting an exit position of the subject vehicle in accordance with
the required time to a destination.

FIG. 9 is a set of views for describing a method of automatically setting an exit direction of the subject vehicle.
FIG. 10 is a diagram illustrating a remote controller operated by an operator.

FIG. 11 is a diagram for describing a method of manually setting an exit position of the subject vehicle controlled to



10

15

20

25

30

35

40

45

50

55

EP 3 511 220 A1

exit by remote control.

FIG. 12 is a diagram for describing a method of automatically setting an exit position of the subject vehicle controlled
to exit by remote control.

FIG. 13 is a diagram for describing a method of automatically setting an exit position of the subject vehicle controlled
to exit by remote control.

FIG. 14 is a diagram for describing a method of automatically setting an exit position of the subject vehicle controlled
to exit by remote control.

FIG. 15 is a diagram for describing a method of automatically setting an exit position of the subject vehicle controlled
to exit by remote control.

FIG. 16 is a diagram for describing a method of automatically setting an exit position of the subject vehicle controlled
to exit by remote control in an unmanned parking lot.

FIG. 17 is a diagram for describing a method of estimating a width X of the driveway for exit.

FIG. 18 is a diagram for describing a method of detecting a parked vehicle adjacent to the subject vehicle.

FIG. 19 is a diagram for describing a method of detecting a parked vehicle adjacent to the subject vehicle.

FIG. 20 is a diagram for describing a process of generating an exit route of the subject vehicle exiting forward.
FIG. 21 is a diagram for describing a process of generating an exit route of the subject vehicle exiting backward.
FIG. 22 is a flowchart illustrating the procedure of a process of generating an exit route.

FIG. 23 is a diagram for describing the process of generating an exit route.

FIG. 24 is a diagram for describing the process of generating an exit route.

FIG. 25 is a flowchart illustrating the procedure of a process of generating an exit route according to another
embodiment.

[Mode(s) for Carrying out the Invention]

[0009] Hereinafter, one or more embodiments of the presentinvention will be described with reference to the drawings.
FIG. 1 is a block diagram illustrating the configuration of a parking and exit assist apparatus 100 according to one or
more embodiments of the present invention. The parking and exit assist apparatus 100 is equipped in a vehicle and
assists a parking operation of moving (parking) the vehicle into a parking space and an exit operation of moving the
vehicle from the parking space. The parking and exit assist apparatus 100 may achieve the parking operation or exit
operation of the vehicle by remote control. For example, the driver or passenger of the vehicle may input a command
to start the parking or exit assist to a remote control device, such as a remote controller or a mobile terminal, outside
the vehicle thereby to achieve the parking or exit operation of the vehicle.

[0010] The parking and exit assist apparatus 100 according to one or more embodiments of the present invention
comprises a set of cameras 10, a ranging device 15, a moving distance sensor 20, a steering angle sensor 30, a main
switch 40, a parking and exit assist electronic control unit (ECU) 50, a vehicle control ECU 60, and a navigation system
70. The parking and exit assist apparatus 100 further comprises hardware modules (not illustrated), such as an engine
control ECU and a power assist ECU for steering, which are ordinarily equipped in a vehicle. These components are
connected to one another via a controller area network (CAN) or other in-vehicle LAN to mutually exchange information.
[0011] The set of cameras 10 comprises a front camera 11, a right-side camera 12, a left-side camera 13, and a rear
camera 14, for example, as illustrated in the figure. The front camera 11, which is installed at the front bumper of the
vehicle or in the vicinity thereof, captures images ahead of the subject vehicle and outputs the image information to the
parking and exit assist ECU 50. The right-side camera 12, which is installed on the right side of the vehicle (e.g. at the
right-side part of the front of the vehicle), captures images on the right side of the subject vehicle and outputs the image
information to the parking and exit assist ECU 50. The left-side camera 13, which is installed on the left side of the
vehicle (e.g. at the left-side part of the front of the vehicle), captures images on the left side of the subject vehicle and
outputs the image information to the parking and exit assist ECU 50. The rear camera 14, which is installed at the rear
bumper of the vehicle or in the vicinity thereof, captures images behind the subject vehicle and outputs the image
information to the parking and exit assist ECU 50.

[0012] The ranging device 15 is a radar device or a sonar, such as a millimeter-wave radar, laser radar, or ultrasonic
radar. The ranging device 15 is installed at the same position as any of the cameras 11 to 14 and detects the presence
or absence of objects such as obstacles, pedestrians, and other vehicles around the vehicle, the positions of the objects,
and the distances to the objects.

[0013] The moving distance sensor 20 calculates the moving amount of the subject vehicle and outputs it to the parking
and exit assist ECU 50. The moving distance sensor 20 can be configured, for example, using a rotation speed sensor
or the like that detects the rotation speed of a wheel of the subject vehicle.

[0014] The steering angle sensor 30, which is installed inside the steering column, for example, detects the rotation
angle of the steering wheel and outputs it to the parking and exit assist ECU 50.

[0015] The main switch 40 is a switch that is operated by the user to instruct the start of parking assist and exit assist.
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When the main switch 40 is not operated, it outputs an OFF signal to the parking and exit assist ECU 50, and when the
main switch 40 is operated, it outputs an ON signal to the parking and exit assist ECU 50. The main switch 40 is installed,
for example, at a location on a remote control device, such as a remote controller or a mobile terminal, which is carried
by the driver or passenger who performs remote control outside the vehicle, a location at which the driver can operate
the main switch 40 in the vehicle, such as a location around the instrument panel of the subject vehicle or around the
steering wheel, or other appropriate location. The main switch 40 may be a software switch provided on the screen of
a mobile terminal such as a smartphone capable of communicating with the vehicle via a network, a software switch
provided on the screen of a navigation device, or other appropriate switch.

[0016] The parking and exit assist ECU 50 is a controller that comprehensively controls the parking and exit assist
apparatus 100. The parking and exit assist ECU 50 comprises a ROM 52 that stores a parking and exit assist program,
a CPU 51 as an operation circuit that executes the program stored in the ROM 52 to serve as the parking and exit assist
apparatus 100 according to one or more embodiments of the present invention, and a RAM 53 that serves as an
accessible storage device. The parking and exit assist ECU 50, to which detection information or commands are input
from the set of cameras 10, the ranging device 15, the moving distance sensor 20, the steering angle sensor 30, and
the main switch 40, calculates a target steering angle and a target vehicle speed of the subject vehicle and outputs them
to the vehicle control ECU 60.

[0017] The vehicle control ECU 60 is a controller that performs the drive control of the vehicle. The vehicle control
ECU 60 comprises a ROM 62 that stores a vehicle drive control program, a CPU 61 as an operation circuit that executes
the program stored in the ROM 62 to serve as a vehicle control device, and a RAM 63 that serves as an accessible
storage device. The vehicle control ECU 60, to which the target steering angle and target vehicle speed of the vehicle
are input from the parking and exit assist ECU 50, performs the drive control of the vehicle in cooperation with other
ECUs, such as the engine control ECU and the power assist ECU for steering.

[0018] FIG.2isablock diagram for describing an exit assist function of the parking and exit assist ECU 50. As illustrated
in the figure, the parking and exit assist ECU 50 comprises an exit position setting unit 501, an exit start position setting
unit 502, a driveway width estimation unit 503, a surrounding object detection unit 504, an exit route generation unit 505,
an exit route following control unit 506, and a target speed generation unit 507. The vehicle control ECU 60 includes a
steering angle control unit 601 and a speed control unit 602. The navigation system 70 includes a current position
estimation unit 701. The current position estimating unit 701 estimates the current position of the subject vehicle and
outputs it to the exit start position setting unit 502 and the exit route following control unit 506. Examples of the process
of estimating the current position include a process of measuring the current position of the subject vehicle utilizing a
global positioning system (GPS), a process of acquiring the current position via road-to-vehicle communication, a process
of calculating the current position on the basis of the steering amount of the steering and the operation amount of the
accelerator, and a process of accumulating the moving amount and position of the vehicle to calculate the current position.
[0019] The exit position setting unit 501 sets a position to which the subject vehicle is controlled to exit from the parking
position by automated driving (this position will be referred to as a "target exit position," hereinafter). Here, depending
on situations such as the presence or absence of a parked vehicle adjacent to the subject vehicle and the positional
relationship between the parked vehicle and the subject vehicle, there are cases in which the exit direction of the subject
vehicle is restricted or not restricted. In the case in which the exit direction of the subject vehicle is restricted by an
adjacent parked vehicle, the exit position setting unit 501 sets the exit position in accordance with the positional relationship
between the parked vehicle and the subject vehicle and/or whether the driveway for exit is right-side traffic or left-side
traffic. On the other hand, in the case in which no adjacent parked vehicle is present or the exit direction of the subject
vehicle is not restricted by an adjacent parked vehicle, the exit position setting unit 501 sets the exit position using various
methods, which will be described later.

[0020] Here, the exit position which the exit position setting unit 501 sets when the exit direction of the subject vehicle
is restricted by an adjacent parked vehicle may be an exit position that cannot be changed through selection by the
driver or passenger, that is, an exit position that is restricted, or an exit position that can be changed through selection
by the driver or passenger, that is, an exit position that is set initially or recommended.

[0021] FIGS. 3 and 4 are diagrams and tables for describing methods of setting the exit position of the subject vehicle
1. FIG. 3 illustrates a table and diagrams for describing a method of setting the exit position in a case in which a subject
vehicle 1 exits forward. FIG. 4 illustrates a table and diagrams for describing a method of setting the exit position in a
case in which the subject vehicle 1 exits backward.

[0022] As illustrated in the left-side diagram of FIG. 3, when an adjacent parked vehicle 2 is present on the right side
of the subject vehicle 1 which exits forward and the driveway for exit is right-side traffic, it is easier for the subject vehicle
1 to exit to the left side than to the right side as viewed from the subject vehicle 1; therefore, the exit position is set in
the right-side lane on the left side as viewed from the subject vehicle 1. In contrast, when an adjacent parked vehicle 2
is present on the right side of the subject vehicle 1 which exits forward and the driveway for exit is left-side traffic, there
is no significant difference in easiness between when the subject vehicle 1 exits to the left side as viewed from the
subject vehicle 1 and when the subject vehicle 1 exits to the right side as viewed from the subject vehicle 1; therefore,
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the exit position of the subject vehicle 1 is not restricted. Easiness of exit of the subject vehicle 1 is determined on the
basis of whether the distance of a linear movement segment to be described later is long or short, whether the turning
radius is large or small, and/or whether the number of turns for exit is large or small.

[0023] On the other hand, as illustrated in the right-side diagram of FIG. 3, when an adjacent parked vehicle 2 is
present on the left side of the subject vehicle 1 which exits forward and the driveway for exit is left-side traffic, it is easier
for the subject vehicle 1 to exit to the right side than to the left side as viewed from the subject vehicle 1; therefore, the
exit position is set in the left-side lane on the right side as viewed from the subject vehicle 1. In contrast, when an adjacent
parked vehicle 2 is present on the left side of the subject vehicle 1 which exits forward and the driveway for exit is right-
side traffic, there is no significant difference in easiness between when the subject vehicle 1 exits to the left side as
viewed from the subject vehicle 1 and when the subject vehicle 1 exits to the right side as viewed from the subject vehicle
1; therefore, the exit position of the subject vehicle 1 is not restricted.

[0024] As illustrated in the left-side diagram of FIG. 4, when an adjacent parked vehicle 2 is present on the right side
of the subject vehicle 1 which exits backward (i.e. on the left side as viewed from the driver) and the driveway for exit is
right-side traffic, it is easier for the subject vehicle 1 to exit to the right side as viewed from the subject vehicle 1 (i.e. the
rear left side as viewed from the driver) than to the left side as viewed from the subject vehicle 1 (i.e. the rear right side
as viewed from the driver); therefore, the exit position is set in the right-side lane on the right side as viewed from the
subject vehicle 1 (i.e. the rear left side as viewed from the driver). In contrast, when an adjacent parked vehicle 2 is
present on the right side of the subject vehicle 1 which exits backward and the driveway for exit is left-side traffic, there
is no significant difference in easiness between when the subject vehicle 1 exits to the left side as viewed from the
subject vehicle 1 and when the subject vehicle 1 exits to the right side as viewed from the subject vehicle 1; therefore,
the exit position of the subject vehicle 1 is not restricted. When exiting backward, turning is performed with reference to
the front wheel axle. As illustrated by the solid arrow in the left-side diagram of FIG. 4, when exiting to the right side as
viewed from the subject vehicle, the clearance between the left front wheel and the adjacent parked vehicle 2 when
turning is large. In contrast, as illustrated by the dashed arrow in the left-side diagram of FIG. 4, when exiting to the left
side as viewed from the subject vehicle, the clearance between the left front wheel and the adjacent parked vehicle 2
when turning is relatively small. In the situation illustrated in the left-side diagram of FIG. 4, therefore, it is easier for the
subject vehicle 1 to exit to the right side than to the left side as viewed from the subject vehicle 1.

[0025] On the other hand, when an adjacent parked vehicle 2 is present on the left side of the subject vehicle 1 which
exits forward (i.e. on the right side as viewed from the driver) and the driveway for exit is left-side traffic, it is easier for
the subject vehicle 1 to exit to the left side as viewed from the subject vehicle 1 (i.e. the rear right side as viewed from
the driver) than to the right side as viewed from the subject vehicle 1 (i.e. the rear left side as viewed from the driver);
therefore, the exit position is set in the left-side lane on the left side as viewed from the subject vehicle 1 (i.e. the rear
right side as viewed from the driver). In contrast, when an adjacent parked vehicle 2 is present on the left side of the
subject vehicle 1 which exits backward and the driveway for exit is right-side traffic, there is no significant difference in
easiness between when the subject vehicle 1 exits to the left side as viewed from the subject vehicle 1 and when the
subject vehicle 1 exits to the right side as viewed from the subject vehicle 1; therefore, the exit position of the subject
vehicle 1 is not restricted.

[0026] Here, when the exit position of the subject vehicle 1 is not restricted due to the presence of an adjacent parked
vehicle 2, the exit position of the subject vehicle 1 is automatically or manually set. FIGS. 5 to 16 are diagrams for
describing methods of automatically or manually setting the exit direction of the subject vehicle 1.

[0027] First, as illustrated in FIG. 5, the method of automatically setting the exit position of the subject vehicle 1 may
include a method of setting the exit direction to the traffic direction of the driveway for exit. Here, the following methods
(1) to (4) can be exemplified as a method of determining the traffic direction of the driveway for exit:

(1) a method of detecting a traffic sign and/or a mark on the road surface indicating the traveling direction from the
image information obtained by the cameras 11 to 14 and determining the traffic direction of the driveway for exit as
the direction indicated by the detected traffic mark and/or the mark on a road;

(2) a method of detecting the traveling direction of another vehicle from the image information obtained by the
cameras 11 to 14 or the ranging information obtained by the ranging device 15 and determining the traffic direction
of the driveway for exit as the detected traveling direction of another vehicle;

(3) a method of recording a travel history including traveling directions until the subject vehicle enters the parking
position and determining the traffic direction of the driveway for exit as a traveling direction included in the travel
history; and

(4) a method of receiving the traffic direction from a base station of the parking lot and determining the traffic direction
of the driveway for exit as the received traffic direction.

[0028] As an example, the method of automatically setting the exit position of the subject vehicle 1 may be a method
of setting the exit position on the basis of a past exit history of the subject vehicle 1. In this setting method, the exit
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direction is set to the right when a determination value J represented by the following equation (1) is a positive value
while the exit direction is set to the left when the determination value J is a negative value:
[Equation 1]

rox(Ln) -

where T;is an elapsed time and D, represents the exit direction; D;=+1 for the right direction and D;=-1 for the left direction.
[0029] Table 1 lists an example of the exit history. For the parking lot A listed in the table,
J=(((1/1) X (1) +((1/2) X (+1))+((1/2) X (+1)))=+2 is obtained, which represents the right direction. Likewise, for the parking
lot B, J=(((1/2) X (-1))+((1/2) X (-1))*+((1/4) X (-1)))=-1.25 is obtained, which represents the left direction. For the parking
lot C, J=(((1/2) X (+1))+((1/1)X(+1))+((1/1)X(-1)))=+0.5 is obtained, which represents the right direction. Thus, inclusion
of the elapsed time in the above equation (1) allows a determination to be made such that the latest exit history is
prioritized. In other words, even in a case in which the subject vehicle exited preferentially in the left direction in past
times, when the subject vehicle exited preferentially in the right direction in the latest history, the subject vehicle is to
exit in the right direction. This allows the subject vehicle to exit in accordance with the current environment for exit. The
elapsed time listed in the following Table 1 is in terms of hours such as one hour, but the present invention is not limited
to this, and seconds, minutes, and days may also be employed.

[Table 1]
[0030]
Table 1
Parking lot Exit direction history
First time Second time Third time

Parking lot A | Exit direction | Right Exit direction | Right Exit direction | Right

Elapsed time | 1 hour Elapsed time | 2 hours | Elapsed time | 2 hours

Parking lot B | Exit direction | Left Exit direction | Left Exit direction | Left

Elapsed time | 2 hours | Elapsedtime | 2 hours | Elapsed time | 4 hours

Parking lot C | Exit direction | Right Exit direction | Right Exit direction | Left

Elapsed time | 2 hours | Elapsedtime | 1 hour Elapsed time | 1 hour

[0031] As an example, as illustrated in FIG. 6, the method of automatically setting the exit position of the subject
vehicle 1 may include a method of setting the exit direction to the direction of a route R to a target point that is searched
by the navigation system 70.

[0032] FIGS. 7 and 8 are flowcharts illustrating procedures of automatically setting the exit position of the subject
vehicle 1 according to one or more embodiments of the present invention. FIG. 7 is a flowchart illustrating a procedure
of setting the exit position of the subject vehicle 1 in accordance with the distance to a destination. As illustrated in the
flowchart of the figure, in step S1, the exit position setting unit 501 first calculates the distance to a destination when
exiting in the right direction. Then, in step S2, the exit position setting unit 501 calculates the distance to the destination
when exiting in the left direction. Then, in step S3, the exit position setting unit 501 determines whether or not the distance
to the destination when exiting in the right direction is shorter than the distance to the destination when exiting in the left
direction. An affirmative determination is followed by step S4 while a negative determination is followed by step S5. In
step S4, the exit position setting unit 501 sets the exit direction to the right direction. On the other hand, in step S5, the
exit position setting unit 501 sets the exit direction to the left direction. The process is thus completed.

[0033] FIG. 8 is a flowchart illustrating a procedure of setting the exit position of the subject vehicle 1 in accordance
with the required time to a destination. As illustrated in the flowchart of the figure, in step S11, the exit position setting
unit 501 first calculates the required time to a destination when exiting in the right direction. Then, in step S 12, the exit
position setting unit 501 calculates the required time to the destination when exiting in the left direction. Then, in step
S13, the exit position setting unit 501 determines whether or not the required time to the destination when exiting in the
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right direction is shorter than the required time to the destination when exiting in the left direction. An affirmative deter-
mination is followed by step S14 while a negative determination is followed by step S15. In step S14, the exit position
setting unit 501 sets the exit direction to the right direction. On the other hand, in step S15, the exit position setting unit
501 sets the exit direction to the left direction. The process is thus completed.

[0034] As an example, as illustrated in FIG. 9, the method of automatically setting the exit position of the subject
vehicle 1 may include a method of setting the exit direction to a direction in which the number of turns for exit is small.
As illustrated in the-left side diagram of FIG. 9, the number of turns for exit is two when exiting in the left direction,
whereas as illustrated in the right-side diagram of FIG. 9, the number of turns for exit is zero when exiting in the right
direction. In this case, the exit direction is set to the right direction.

[0035] Next, a method of setting the exit position of the subject vehicle 1 when the subject vehicle 1 is controlled to
exit by remote control will be described. Examples of the method of manually setting the exit position of the subject
vehicle 1, which is controlled to exit by remote control, include a method of setting the exit position in accordance with
the operation of the touch panel display or operation key of the navigation system 70, a method of setting the exit position
in accordance with the operation of the touch panel display or operation key of a mobile terminal such as a smartphone,
a method of setting the exit position in accordance with the operation of the turn signal lever, a method of setting the
exit position in accordance with the steering angle and/or steering torque detected when steering, and a method of
setting the exit position in accordance with the operation of the button of a remote control key. As illustrated in FIG. 10,
the remote control key 3 may be provided with a button 3L for instructing exit to the left direction and a button 3R for
instructing exit to the right direction.

[0036] Examples of the method of manually setting the exit position of the subject vehicle 1, which is controlled to exit
by remote control, further include a method of setting the exit position in accordance with the motion of an operator 4,
as illustrated in FIG. 11. In this exemplified method, for example, when the operator 4 indicates the exit direction with
the operator’s arm, the motion of the operator 4 is detected using the cameras 11 to 14 and/or an onboard sensor such
as the ranging device 15 of the subject vehicle 1, a sensor provided on the mobile terminal or remote controller carried
by the operator 4, a sensor installed at the parking lot, or other appropriate sensor.

[0037] Examples of the method of automatically setting the exit position of the subject vehicle 1, which is controlled
to exit by remote control, include a method of setting the exit position in the vicinity of the operator 4, as illustrated in
FIG. 12. In this method, examples of the method of detecting the position of the operator 4 include a method of detecting
the position of the operator 4 using an appropriate sensor, such as the cameras 11 to 14, ranging device 15, or other
onboard sensor of the subject vehicle 1, a sensor provided on the mobile terminal or remote controller carried by the
operator 4, or a sensor installed at the parking lot. Examples of the method of selecting the exit direction include a
method of comparing the distance between the exit position in the right direction and the operator 4 with the distance
between the exit position in the left direction and the operator 4 and selecting the exit position in a direction in which the
distance is shorter than the other.

[0038] Examples of the method of automatically setting the exit position of the subject vehicle 1, which is controlled
to exit by remote control, further include a method of setting the exit position to a position at which the operator 4 can
easily get onto the subject vehicle 1, as illustrated in FIGS. 13 and 14. Examples of the position at which the operator
4 can easily get onto the subject vehicle 1 include a position at which a space S can be ensured for the operator 4 to
get onto the driver’s seat between the door on the driver’s seat side of the subject vehicle 1 and a wall 5, as illustrated
in FIG. 13, and a position at which a space S can be ensured for the operator 4 to get onto the front passenger’s seat
between the door on the front passenger’s seat side of the subject vehicle 1 and a wall 5, as illustrated in FIG. 14.
[0039] Examples of the method of automatically setting the exit position of the subject vehicle 1, which is controlled
to exit by remote control, further include a method of setting the exit position to a position at which a space S is ensured
for another vehicle 6 to pass between the parking position and the exit position, as illustrated in FIG. 15.

[0040] Examples of the method of automatically setting the exit position of the subject vehicle 1, which is controlled
to exit by remote control in an unmanned parking lot, as illustrated in FIG. 16, include a method of setting the exit position
in accordance with a command from a base station 7 of the parking lot. Examples of the exit direction instructed from
the base station 7 include a direction in which the distance to the exit 8 of the parking lot is short and a direction
corresponding to the traveling direction of another vehicle 6.

[0041] Referring again to FIG. 2, the exit start position setting unit 502 sets a position at which the exit assist process
is started (this position will be referred to as an "exit start position," hereinafter) and outputs it to the exit route generation
unit 505. For example, when the main switch 40 is operated, the exit start position setting unit 502 acquires the current
position of the subject vehicle 1 at that time from the current position estimation unit 701 and sets the acquired current
position as the exit start position.

[0042] The driveway width estimation unit 503 estimates a width X of the driveway for exit (referred to as a "driveway
width," hereinafter) and outputs it to the exit route generation unit 505. For example, as illustrated in FIG. 17, when the
subject vehicle 1 exits to the driveway between parking spaces 9 and a wall 5, the driveway width X may be obtained
through detecting positions of frames of the parking spaces 9 from the image information obtained by the cameras 11
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to 14, detecting the distance from the subject vehicle 1 to the wall 5 from the ranging information obtained by the ranging
device 15 and/or the image information obtained by the cameras 11 to 14, and estimating the driveway width X between
frames of the parking spaces 9 and the wall 5. Instead of the positions of the parking spaces 9, the position of the parked
vehicle 2 may be detected and the distance between the parked vehicle 2 and the wall 5 may be estimated as the
driveway width X, or the distance between the subject vehicle 1 and the wall 5 may be estimated as the driveway width
X. The driveway width X may be estimated and recorded on the basis of the ranging information obtained by the ranging
device 15 and/or the image information obtained by the cameras 11 to 14 at the time of entry. Examples of the sensor
for measuring the distance from the subject vehicle 1 to the wall 5 include sonar sensors, infrared sensors, laser sensors,
radar sensors, and stereo cameras. It is not essential to estimate the driveway width X on the basis of the detection
information obtained by the cameras 11 to 14 and/or the ranging device 15. For example, information on the driveway
width X may be acquired, for example, by communication with the outside of the vehicle, that is, so-called road-to-vehicle
communication or vehicle-to-vehicle communication. Here, as an example, the road-to-vehicle communication may be
communication between the base station of the parking lot and the subject vehicle 1.

[0043] Referring again to FIG. 2, the surrounding object detection unit 504 detects a parked vehicle 2 adjacent to the
subject vehicle 1 and outputs the detection result to the exit route generation unit 505. As an example, as illustrated in
FIG. 18, the method of detecting an adjacent parked vehicle 2 may be a method of detection using the cameras 11 to
14 and/or an onboard sensor such as the ranging device 15. Examples of the onboard sensor include sonar sensors,
infrared sensors, laser sensors, radar sensors, and stereo cameras. Here, as an example, the determination condition
for the presence or absence of an adjacent parked vehicle 2 may be a determination condition with which, when the
distance between an object entering a detection range R of the onboard sensor and the subject vehicle 1 becomes a
threshold or less, a determination is made that an adjacent parked vehicle 2 is present. The threshold in this case may
be set on the basis of the distance between parked vehicles 2 in an ordinary parking lot.

[0044] Asanexample, asillustrated in FIG. 19, the method of detecting an adjacent parked vehicle 2 may be a method
of detecting the presence or absence of an adjacent parked vehicle 2 from the detection state of a white line WL on the
far side of the adjacent parking frame. Here, as an example, the determination condition for the presence or absence
of an adjacent parked vehicle 2 may be a determination condition with which, when the length of the detected white line
WL is not more than a threshold, a determination is made that an adjacent parked vehicle 2 is present. The threshold
in this case may be set to a length that is slightly shorter than the length of an ordinary white line WL.

[0045] Itis not essential to detect the presence or absence of an adjacent parked vehicle 2 using an onboard sensor.
For example, information on the presence or absence of an adjacent parked vehicle 2 may be acquired by communication
with the outside of the vehicle, that is, so-called road-to-vehicle communication or vehicle-to-vehicle communication.
Here, as an example, the road-to-vehicle communication may be communication between the base station of the parking
lot and the subject vehicle 1.

[0046] Referring again to FIG. 2, the exit route generation unit 505 generates a route from the exit start position set
by the exit start position setting unit 502 to the exit position set by the exit position setting unit 501 (this route will be
referred to as an "exit route," hereinafter) and outputs the generated exit route to the exit route following control unit 506
and the target speed generation unit 507. In this process of generating an exit route, the exit route is calculated in
accordance with the presence or absence of an adjacent parked vehicle 2 and the positional relationship between the
adjacent parked vehicle 2 and the subject vehicle 1.

[0047] FIG. 20is a diagram for describing a process of generating an exit route of the subject vehicle 1 exiting forward,
and FIG. 21 is a diagram for describing a process of generating an exit route of the subject vehicle 1 exiting backward.
As illustrated in FIG. 20, when an adjacent object such as a parked vehicle is present next to the subject vehicle 1 and
the subject vehicle 1 is controlled to exit forward to the side on which the adjacent object is present, an exit route is
generated such that the subject vehicle 1 is controlled first to move linearly forward (this movement will be referred to
as "linear movement," hereinafter) and then to turn so as not to interfere with the adjacent object.

[0048] In the situation illustrated in FIG. 20, the exit route generation unit 505 generates an exit route that satisfies
the following equations (2) and (3):

[Equation 2]

[Equation 3]
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where L is a distance of a linear movement segment from the exit start position (this distance will be referred to as a
"linear movement distance," hereinafter), |, is a distance from the rear wheel axle of the subject vehicle 1 located at the
exit start position to the front end of the adjacent object, |, is a distance from the rear wheel axle of the subject vehicle
1, which has moved forward by L, to the front end of the adjacent object, w is a clearance between the subject vehicle
1 and the adjacent object, and R is a turning radius with reference to the rear inner wheel of the subject vehicle 1 which
has moved forward by L.

[0049] As illustrated in FIG. 21, when adjacent objects such as adjacent vehicles are present on both sides of the
subject vehicle 1 and the subject vehicle 1 is controlled to exit backward to the side on which one of the adjacent objects
is present, an exit route is generated such that the subject vehicle 1 is controlled first to move linearly forward (this
movement will be referred to as "linear movement," hereinafter) and then to turn so as not to interfere with the adjacent
objects on the both sides. In such a situation, the exit route generation unit 505 calculates a route of the rear inner wheel
that satisfies the above equations (2) and (3) and a route of the front outer wheel that satisfies the above equation (2)
and the following equation (4):

[Equation 4]

L = wllRep? = (R +W)?)
R’ =1" + (R + W)’ e (4)
Rpp =R+T

where T is a vehicle width of the subject vehicle 1.

[0050] Here, itis not essential to generate an exit route that includes the linear movement distance L. For example,
when the subject vehicle 1 does not interfere with the adjacent objects if starting to turn from the exit start position or
when no adjacent objects are present, the linear movement distance may be zero (L=0). In one or more embodiments
of the present invention, when the distance between the rear wheel axle of the subject vehicle 1 located at the exit start
position and the front end of the adjacent object is less than |, and when no adjacent objects are detected, the exit route
generation unit 505 generates an exit route such that the linear movement distance is zero (L=0). However, if the space
next to the subject vehicle 1 is a travel prohibited area or an area in which the road surface condition is poor, the exit
route generation unit 505 generates an exit route that includes the linear movement distance L, as in the case in which
an adjacent object is present. Examples of the area in which the road surface condition is poor include areas in which
water puddle, mud, snow, ice, oil, etc. are present. By generating an exit route that does not pass through such an area,
it is possible to prevent deterioration in accuracy of the exit assist due to dirt or slip of the vehicle body.

[0051] FIG. 22 is a flowchart illustrating the procedure of a process of generating an exit route, and FIGS. 23 and 24
are diagrams for describing the process of generating an exit route. The process of generating an exit route represented
by the flowchart of FIG. 22 is started when the main switch 40 is operated and the start of exit assist is instructed, and
the routine proceeds to step S101.

[0052] In step S101, the exit route generation unit 505 calculates the distance from the rear wheel axle of the subject
vehicle 1 located at the exit start position to the back end portion (such as a wall or a parking frame) of the driveway for
exit (this distance will be referred to as a "depth setting value," hereinafter) on the basis of the image information obtained
by the cameras 11 to 14 and/or the ranging information obtained by the ranging device 15. Then, in step S102, the exit
route generation unit 505 sets a target exit line TL on the driveway for exit. Examples of the target exit line TL include
the center line of the driveway for exit (see FIG. 23) and the center line of a near-side driveway or a far-side driveway.
The near-side driveway and the far-side driveway are obtained by dividing the driveway for exit into two in the width
direction. It is not essential to execute step S101 prior to step S102, and step S102 may be executed prior to step S101.
[0053] Then, in step S103, the exit route generation unit 505 determines whether or not an adjacent parked vehicle
2 is detected by the surrounding object detection unit 504. An affirmative determination in this step is followed by step
S104 while a negative determination is followed by step S105. In step S104, the exit route generation unit 505 calculates
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the linear movement distance L on the basis of the above equations (2) and (3) when exiting forward or on the basis of
the above equations (2) to (4) when exiting backward. Depending on the positional relationship between the rear wheel
axle of the subject vehicle 1 and the front end of the adjacent parked vehicle 2, the linear movement distance may be
zero (L=0). On the other hand, in step S105, the exit route generation unit 505 sets the linear movement distance to
zero (L=0).

[0054] Steps S104 and S105 are followed by step S106 in which the exit route generation unit 505 calculates the
turning radius R on the basis of the above equations (2) and (3) when exiting forward or on the basis of the above
equations (2) to (4) when exiting backward and generates an exit route in accordance with the linear movement distance
L set in step S104 or S105 and the turning radius R calculated in this step.

[0055] Here, as illustrated in FIG. 23, when an adjacent parked vehicle 2 is present, the linear movement distance L
and the turning radius R are set such that a clearance is formed between the turning vehicle 1 and the adjacent parked
vehicle 2 to such an extent that an uncomfortable feeling is not given to the driver and passengers. When an adjacent
parked vehicle 2 is present, therefore, the exit route is generated such that the subject vehicle 1 passes outside the
adjacent parking space 9. On the other hand, as illustrated in FIG. 24, when no adjacent parked vehicle 2 is present,
an exit route is generated such that the subject vehicle 1 passes through the adjacent parking space 9.

[0056] Referring again to FIG. 22, in step S107, the exit route generation unit 505 determines whether or not the
subject vehicle 1 can reach the target exit line TL when the subject vehicle 1 is controlled to exit along the exit route
generated in step S106. An affirmative determination in this step is followed by step S108 while a negative determination
is followed by step S109.

[0057] In step S108, the exit route generation unit 505 determines whether or not the subject vehicle 1 can travel
within the driveway width corresponding to the depth setting value setin step S101 when the subject vehicle 1 is controlled
to exit along the exit route generated in step S106. An affirmative determination in this step concludes the process while
a negative determination is followed by step S109.

[0058] Instep S 109, the exit route generation unit 505 generates an exit route that includes one or more sets of turns
for exit. Then, the routine returns to step S107, and steps S107 to S109 are repeatedly executed. Here, when a negative
determination is made again in step S107 or step S108, an exit route that includes two or more sets of turns for exit is
generated.

[0059] As described above, in the exit assist method according to one or more embodiments of the present invention,
a determination is made whether or not an adjacent parked vehicle 2 is present in an adjacent parking space 9 to the
exit start position of the subject vehicle 1, and when no adjacent parked vehicle 2 is present, an exit route that includes
the adjacent parking space 9 is generated (see FIG. 24). This can widen the options for the exit route as compared, for
example, with the case in which a route to the parking position is recorded in the parking stage and the recorded route
is set as the exit route and with the case in which the exit route is generated regardless of the presence or absence of
an adjacent parked vehicle 2, such as a case of preliminarily setting the exit route.

[0060] Here, when generating an exit route that includes the adjacent parking space 9, it is possible to reduce the
linear movement distance L from the exit start position and/or reduce the turning radius as compared with when generating
an exit route that does not include the adjacent parking space 9. This allows the subject vehicle to readily reach the
target exit line TL thereby to reduce the number of turns for exit and reduce the exit time.

[0061] It may be conceivable to employ a method of detecting an unoccupied space from available information, such
as the image information obtained by a camera, and generating an exit route that passes through the unoccupied space.
When this method includes detecting the unoccupied space from the image information obtained by a camera, the image
information may be affected by strong sunlight and dark shadows in the daytime, insufficient illumination, backlight, and
reflection of light at night, etc. It is therefore difficult to ensure the detection accuracy outdoors, and this method can only
be carried out underground or indoors. Thus, depending on the surrounding environment, it may be difficult to estimate
the details of an unoccupied space (such as the width and length and the presence or absence of a white line detection
result) or accurately estimate an unoccupied space, and the exit route cannot be generated with a high degree of accuracy.
[0062] In contrast, in the exit assist method according to one or more embodiments of the present invention, when
the presence or absence of an adjacent parked vehicle 2 is detected on the basis of the image information obtained by
a camera and/or the ranging information obtained by the ranging device 15, ensuring the accuracy of detecting the
presence or absence of an adjacent parked vehicle 2 is easy regardless of the surrounding brightness and the like, that
is, regardless of whether the adjacent parked vehicle 2 is present outdoors or indoors. In other words, detection of the
presence or absence of an adjacent parked vehicle 2 is easier than estimation of the details of an unoccupied space
and accurate estimation of an unoccupied space. Thus, the space for generating the exit route can be estimated with a
high degree of accuracy regardless of the surrounding environment, and the exit route can be generated with a high
degree of accuracy.

[0063] In the exit assist method according to one or more embodiments of the present invention, when an adjacent
parked vehicle 2 is present, the exit route is generated which includes a linear movement segment for linearly moving
from the exit start position and a turning segment for turning from the end point of the linear movement segment so as
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not to interfere with the adjacent parked vehicle 2 (see FIG. 23). Here, the distance L of the linear movement segment
is set in accordance with the width W between the adjacent parked vehicle 2 and the subject vehicle 1 (see FIGS. 20
and 21). Through this operation, when the adjacent parked vehicle 2 is present, the exit route can be generated so as
not to interfere with the adjacent parked vehicle 2, while when no adjacent parked vehicle 2 is present, the exit route
can be generated so as to include the adjacent parking space 9.

[0064] In the exit assist method according to one or more embodiments of the present invention, when no adjacent
parked vehicle is present, the distance L of the linear movement segment is set to zero. Through this operation, when
no adjacent parked vehicle 2 is present, the exit route can be generated so as to include the adjacent parking space 9.
[0065] In the exit assist method according to one or more embodiments of the present invention, when an adjacent
parked vehicle 2 is present, the target exit position is set in accordance with the position of the adjacent parked vehicle
2 and the ftraffic direction of vehicles in the driveway for exit (see FIGS. 3 and 4). For example, as described above,
when the adjacent parked vehicle 2 is present on the right side, the driveway for exit is right-side traffic, and the subject
vehicle exits forward, the exit position is set on the left side. This allows for generation of the exit route which moderately
curves from the exit start position to the target exit position, and the uncomfortable feeling given to the driver or passenger
when exits can be alleviated.

[0066] In the exit assist method according to one or more embodiments of the present invention, a command of an
operator designating the target exit position is received and the target exit position is set in accordance with the received
command (see FIGS. 10 and 11). For example, as described above, the command of an operator made using the button
3L or 3R of the remote control key 3 may be received, or the command of an operator 4 may be received by detecting
the motion of the operator 4. This allows the vehicle to exit to a position which the operator 4 desires, and the uncomfortable
feeling given to the operator 4 can be alleviated when the vehicle exits.

[0067] In the exit assist method according to one or more embodiments of the present invention, the target exit position
is setin accordance with a predetermined automatic setting condition (see FIGS. 5to 9 and FIGS. 12 to 16). For example,
the target exit position may be set such that the traffic direction of the driveway for exit and the exit direction are the
same (see FIG. 5). In addition or alternatively, the target exit position may be set such that the direction of a route R to
the destination, which is searched using the navigation system 70, and the exit direction are the same (see FIG. 6). In
addition or alternatively, the target exit position may be set in a direction in which the number of turns for exit is small
(see FIG. 9). This can alleviate the uncomfortable feeling given to the driver or passenger when exits.

[0068] In the exit assist method according to one or more embodiments of the present invention, the target exit position
is set in accordance with the position of an operator performing remote control of the subject vehicle 1 (see FIGS. 12 to
14). For example, the target exit position may be set in the vicinity of the operator 4 (see FIG. 12). In addition or
alternatively, the target exit position may be set to a position at which a space S can be ensured for the operator 4 to
get onto the driver’'s seat between the door on the driver’s seat side of the subject vehicle 1 and the wall 5 (see FIG.
13). In an alternative embodiment, the target exit position may be set to a position at which a space S can be ensured
for the operator 4 to get onto the front passenger’s seat between the door on the front passenger’s seat side of the
subject vehicle 1 and the wall 5 (see FIG. 14).

[0069] FIG. 25 is a flowchart illustrating the procedure of a process of generating an exit route according to another
embodiment. The process of generating an exit route represented by the flowchart of FIG. 25 is started when the main
switch 40 is operated and the start of exit assist is instructed, and steps S101 to S105 of the flowchart illustrated in FIG.
22 are executed.

[0070] Steps S104 and 105 are followed by step S110 in which the exit route generation unit 505 changes the linear
movement distance L. In this step, the linear movement distance L set in step S104 or step S105 is extended. Then, in
step S106, the exit route generation unit 505 calculates the turning radius R on the basis of the above equations (2) and
(3) when exiting forward or on the basis of the above equations (2) to (4) when exiting backward and generates an exit
route in accordance with the linear movement distance L setin step S110 and the turning radius R calculated in this step.
[0071] Then, steps S107 to S109 of the flowchart illustrated in FIG. 22 are executed. When a determination is made
in step S107 that the subject vehicle can reach the target exit line and then a determination is made in step S108 that
the subject vehicle can travel within a range of the depth setting value, the routine proceeds to step Sill in which the exit
route generation unit 505 determines whether or not the generated exit route satisfies a predetermined determination
condition. When a negative determination is made in this step, the routine returns to step S110 in which the linear
movement distance L is changed again, and steps S106 to S109 and S111 are executed. On the other hand, an affirmative
determination in step S111 concludes the process.

[0072] Here, the process of changing the linear movement distance L in step S110 is executed in accordance with
the driveway width and/or the target exit position. For example, the wider the driveway width or the longer the distance
from the exit start position to the target exit position, the linear movement distance L is made longer.

[0073] Examples of the predetermined determination condition in step Sill include a determination condition whether
or not the total distance of the exit route is a predetermined distance or less and a determination condition whether or
not the exit time is a predetermined time or less. As an example, the predetermined distance or time in the determination
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condition may be set to such a length that an uncomfortable feeling is not given to the driver and passengers or the
operator who performs remote control. In an example, the loop of steps S110, S106 to S109, and S111 may be always
repeated a plurality of times, and an optimum exit route may be selected on the basis of a condition such as the distance
or time from among a plurality of exit routes generated during the repetition. In this case, examples of the predetermined
determination condition in step Sill include a determination condition with which an exit route is selected from among
the plurality of generated exit routes such that the exit route maximizes the sum of evaluation points of the distance,
time, or the like.

[0074] As described above, in the exit assist method according to the present embodiment, the linear movement
distance L is set in accordance with a condition of the driveway width, target exit position, or the like and the exit route
is generated so as to include the set linear movement distance L and satisfy a predetermined determination condition.
This allows the exit route to be generated which fits to feeling of the driver and passengers or the operator.

[0075] Embodiments heretofore explained are described to facilitate understanding of the present invention and are
not described to limit the present invention. It is therefore intended that the elements disclosed in the above embodiments
include all design changes and equivalents to fall within the technical scope of the present invention.

[0076] Forexample, in the above-described embodiments, when an adjacent parked vehicle 2 is present, an exit route
thatdoes notinclude the adjacent parking space 9 is generated, but this may not be essential. In one or more embodiments
of the present invention, provided that the subject vehicle can turn without interfering with an adjacent parked vehicle
2, an exit route that includes the adjacent parking space 9 may be generated.

[Description of Reference Numerals]

[0077]

1 Subject vehicle
2 Parked vehicle
9 Parking space

50 Parking and exit assist ECU
100 Parking and exit assist apparatus

L Distance of linear movement segment, or linear movement distance
w Width between subject vehicle 1 and adjacent parked vehicle 2
Claims

1. An exit assist method executed using an exit assist controller configured to control a subject vehicle to move from
an exit start position to a target exit position along an exit route, the exit assist method comprising:

determining whether or not an adjacent parked vehicle is present in an adjacent parking space to the exit start
position; and
when no adjacent parked vehicle is present, generating the exit route that includes the adjacent parking space.

2. The exit assist method according to claim 1, wherein
the exit route when the adjacent parked vehicle is present includes a linear movement segment for linearly moving
from the exit start position and a turning segment for turning from an end point of the linear movement segment so
as not to interfere with the adjacent parked vehicle, and
adistance of the linear movement segment is setin accordance with a distance between the adjacent parked vehicle
and the subject vehicle.

3. The exit assist method according to claim 1, wherein when no adjacent parked vehicle is present, the distance of
the linear movement segment is set to zero.

4. The exit assist method according to any one of claims 1 to 3, wherein when the adjacent parked vehicle is present,
the target exit position is set in accordance with a position of the adjacent parked vehicle and a traffic direction of
vehicles in a driveway on which the target exit position is set.

5. The exit assist method according to any one of claims 1 to 4, comprising

receiving a command of an operator designating the target exit position and setting the target exit position in ac-
cordance with the received command.
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The exit assist method according to any one of claims 1 to 4, comprising
setting the target exit position in accordance with a predetermined automatic setting condition.

The exit assist method according to claim 6, wherein the predetermined automatic setting condition is a condition
that is set in accordance with a position of an operator performing remote control of the subject vehicle.

An exit assist apparatus comprising an exit assist controller configured to control a subject vehicle to move from an
exit start position to a target exit position along an exit route, the exit assist controller being further configured to:

determine whether or not an adjacent parked vehicle is present in an adjacent parking space to the exit start

position; and
when no adjacent parked vehicle is present, generate the exit route that includes the adjacent parking space.
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FIG. 5
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FIG. 6

19




EP 3 511 220 A1

FI1G. 7

( sTART )

Calculate distance to destination | ~—&1
when exiting in right direction

/

Calculate distance to destination ~ ~8§2
when exiting in left direction

S3
Distance to destination when exiting< NO
in right direction is shorter than that
when exiting in left direction? /

YES S5
y youll S4 / )
Set exit direction to right direction Set exit direction to left direction

C END D

20



EP 3 511 220 A1

FIG. 8
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FIG. 13
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FIG. 14
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FIG. 25
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